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Summary
Introduction: Benign Epilepsy of Childhood with Centrotemporal Spikes (BECTS) is
one of the most common childhood epilepsies with a good prognosis regarding the
seizure and neuropsychological outcomes. However, recent reports indicate the
presence of neuropsychological problems in a significant percentage of children with
BECTS. Our study was aimed to examine the educational performance and neurop-
sychological functions along with clinical and electrographic characteristics in a
cohort of children with BECTS.
Methods: We identified a cohort of children with BECTS by screening medical and
EEG recordings of patients attending our institute. Data were collected with a
standard protocol. Their educational performance was evaluated by an interview
with the parents. Neuropsychological and language tests were administered to
children who had educational problems. Statistical analysis was done using the x2-
test.
Results: Fifty children (29 boys and 21 girls; mean age of onset of epilepsy
7.84  2.87 years) who met the criteria for BECTS were included in this study.
Atypical seizure characteristics for BECTS were observed in 26 (52%) children. EEG
showed typical centrotemporal spike and wave discharges in all children, 42% of
them had a tangential dipole in the frontocentral region. An additional extra-
rolandic focus in the EEG was found in seven children (14%). Educational problems
were identified in 27 children (54%); 19 of them had neuropsychological or language
impairment (p = 0.003). We found a statistically significant correlation between the
occurrence of educational problems and the absence of a tangential dipole in the* Corresponding author. Tel.: +91 471 2524468; fax: +91 471 2446433.
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EEG (p < 0.001). Abnormal language function had a significant correlation with
atypical seizure semiology (p = 0.021).
Conclusion: This study shows that a significant number of children with BECTS have
neuropsychological impairment and educational problems.
# 2005 BEA Trading Ltd. Published by Elsevier Ltd. All rights reserved.Introduction
Epilepsy in children shows considerable polymorph-
ism. Conditions like Lennox—Gastaut Syndrome are
associatedwithmultiple seizures,progressivemental
decline and significant disability. On the other hand,
syndromes like Benign Epilepsy of Childhood with
Centrotemporal Spikes (BECTS) or childhood absence
seizures tend to have a favorable prognosis. BECTS is
one of themost common form of childhood epilepsies
but the reported prevalence varies from 10 to 24%.1,2
It is characterized by the occurrence of partial sei-
zures after 2 years of age associated with normal
neurological and intellectual functions. Typically,
the brief partial, mainly motor seizures are stereo-
typed in semiology, with a nocturnal preponderance.
Family history is often positive.3 The principal elec-
troencephalographic (EEG) criteria include normal
background activity, high amplitude biphasic spikes
followed by prominent slow waves in the mid-tem-
poral (T3,T4)andcentral (C3,C4)areas,activationof
epileptiform activity during sleep but not during
hyperventilation and occasional generalized spike-
wave discharges.4 Seizures tend to remit sponta-
neously by adolescence. BECTS is generally consid-
ered to be a benign disorder, but several atypical
forms have recently been described.5 Paradoxical
aggravation of seizures, while on antiepileptic drug
(AED) therapy,hasalsobeen reported.6Neuropsycho-
logical functions and psychosocial adjustment of
these children have been studied for over three dec-
ades. One of the earlier studies7 observedmild beha-
vioral or scholastic problems in these children, but
attributedthemtoparentalanxietyandsocial restric-
tions while another case—control study failed to
demonstrate any difference in intelligence, behavior
or school adjustment.8 Several recent studies haveTable 1 Clinical and electrographic criteria for inclusion a
Clinical criteria3
1. No neurological or intellectual deficits
2. Onset of seizures after the age of 2 years
3. Brief partial, mainly motor seizures that
are stereotyped in semiology
4. Frequent nocturnal occurrence
5. Family history of epilepsy, especially for
benign typesidentified neuropsychological impairment and devel-
opmental learning disabilities in these children, but
the clinical relevance of these observations is uncer-
tain. Staden et al.9 demonstrated that children with
BECTS could have selective language dysfunction
(reading, spelling, and auditory verbal learning) even
when their IQ is normal which would suggest a peri-
sylvian dysfunction. Several subtle motor coordina-
tion and neuropsychological impairments have been
identified in a small case—control study.10 Our objec-
tive in this study was to characterize the educational
outcomeandneuropsychological profile in a cohort of
childrenwithwell-definedclinicalandelectrographic
features of BECTS.Methods
Children with clinical and electroencephalographic
features suggestive of BECTS were identified from
medical and EEG records of our institute and were
called for a review at the hospital. Those children
who satisfied the criteria for BECTS (see Table 1)
were included in the study and were evaluated
according to a standard protocol. The ictal semiol-
ogy was described in detail and was classified into
typical and atypical features as described by Loi-
seau.11 Detailed history on treatment, seizure out-
come, peri-natal events, development and family
were obtained. Neurological examination was car-
ried out with special emphasis on soft neurological
signs as described by Touwen.12 EEG details included
background activity and spike characteristics. We
followed Gregory and Wong’s description of frontal
positivity and centrotemporal negativity as the tan-
gential dipole.13 The presence of any associated
extra-rolandic foci was noted separately.s BECTS.
Electrographic criteria4
1. Normal background activity
2. High amplitude biphasic spikes followed
by prominent slow waves in mid temporal
(T3, T4) and central (C3, C4) areas
3. Activation of epileptiform activity during
sleep but not during hyperventilation
4. Occasional generalized spike-wave discharges
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assessed in a standard parental interview. The edu-
cational performance was classified as poor if there
were failures in the examinations or if the child was
repeatedly getting low grades in the examinations.
Detailed assessment of neuropsychological and lan-
guage functions were carried out in these children.
Neuropsychological tests included Malins Intelli-
gence Scale for Children (standardized Indian adap-
tation of Wechsler Intelligence Scale),14 Bender—
Gestalt Test,15 Benton Visual Retention Test,16
Seguin Form Board Test17 and Vineland Social Matur-
ity Scale (Indian adaptation).18 The language assess-
ment was done using a structured format with non-
standardized tests available in the vernacular lan-
guage (Malayalam). These included Receptive and
Expressive Emergent Language Scale, Malayalam
Language Test, Malayalam Articulation Test and
Reading Readiness Test in Malayalam. Based on
these tests children were classified into those with
developmental learning disability and those without
developmental learning disability.
Data were analyzed for possible associations
between clinical and EEG features and the educa-
tional performance using the x2-test.Results
Fifty children (29 boys and 21 girls) who met the
inclusion and exclusion criteria were studied. The
age of onset of seizures ranged from 4 to 13 years
(mean 7.84  2.87 years). Twelve children (24%) had
typical febrile seizures before the onset of epilepsy.
Adverse peri-natal events like pre-maturity, mini-
mal birth asphyxia or neonatal jaundice were
reported in 10 children (20%). There was a history
suggestive of developmental language delay (DLD)
in 15 children (30%). Family history for epilepsy was
present in 13 children (26%). Neurological examina-
tion showed soft neurological signs in 12 children
(24%). Soft neurological signs included adiadocho-
kinesia (10), astereognosis, agraphesthesia and
abnormal deep tendon reflexes (6 each), strabismus
(5), dysarthria and oromotor apraxia (4 each), motor
coordination defects (2), sialorrhea and tremor (1
each). Neuroimaging (CT scan or MRI) was carried
out in 20 children (40%) and was normal in all cases.
Seizure characteristics
More than half of the children (54%) had a combina-
tionof diurnal partial seizures andnocturnal general-
ized seizures. Isolated partial seizures exclusively
during daytime occurred in five children (10%).
Others (36%)hadnocturnal generalized seizures only.The typical seizure semiology, characterized by
bucco-facial paresthesias followed by speech arrest,
salivation, brachio-facial or hemi-facial seizures and
occasional nocturnal generalized seizures, was
observed in 48% of children. Atypical ictal semiology
was noticed in 26 children (52%), which included leg
jerking (21), lateral body torsion (5), unilateral body
sensations (5), epigastric pain (2), and ictal blindness
(1). None of the children had status epilepticus or
post-ictal paresis.
EEG characteristics
All patients had at least one EEG typical of BECTS.
Centrotemporal spikes were confined to the left side
for 22 children (44%) and to the right side for 8 (16%)
while others (40%) had bilateral discharges. Gener-
alized spike and wave discharges in addition to
centrotemporal spikes were seen in 20 children
(40%). There were seven children (14%) who had
an extra-rolandic spike focus (parietal, 6; occipital,
1) in addition to the typical centrotemporal focus.
Generalized epileptiform abnormalities were acti-
vated by sleep in 16 children (32%).
The centrotemporal spike discharges showed a
tangential dipole across the fronto-central region
with simultaneous frontal positivity and central or
temporal negativity in 21 children (42%). Among
those who had tangential dipole for the spikes, nine
(42.8%) had atypical seizure semiology and four
(19.0%) had educational problems, whereas among
those who did not express tangential dipole for the
spikes, a larger proportion had atypical seizures (17,
58.6%) or educational problems (23, 79.3%). The
difference was statistically significant ( p < 0.001)
only for the educational problems (see Table 2).
Three children had typical somatosensory evoked
spikes produced by tapping the fingers, as reported
previously.19 Electrical status epilepticus in slow
wave sleep was not seen in any of the children.
Treatment and seizure outcome
In this cohort, 18 children (36%) were treated with
carbamazepine, 11 (22%) with sodium valporate and
11 (22%) with phenobarbitone. The remaining chil-
dren received one of the other AEDs. A change of AED
was rarely instituted. Seizures were controlled in all
children with monotherapy. At the time of evalua-
tion, 13 children (26%) were completely seizure free
for more than 1 year and were off AEDs. Another 13
were seizure free formore than 1 year, but continued
to be on AEDs. 24 children (48%) had seizures in the
previous 1 year and were continuing treatment with
AEDs. Children in the third group had an earlier age of
onset of seizures (mean age 6.83  2.55) compared
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Table 2 Clinical and electrographic features of children with and without educational problems.
BECTwith educational
problems
BECT without educational
problems
p
N 27 23
Seizure semiology
Typical 11 13 0.017
Atypical 16 10
Neuropsychological abnormalities 19 0 0.003
EEG spike laterality
Left 12 10 0.655
Right 5 3
Bilateral 10 10
Atypical EEG changes 5 2 0.318
Tangential dipole 4 17 <0.001
AED usage
Sodium valproate 8 3 0.261
Carbamazepine 10 8
Phenobarbitone 3 8
Seizure free for >1 year 11 15 0.084to those in the first two groups (mean age
8.77  2.89, p = 0.01). No statistically significant
differences were observed between these groups
on any of the other clinical, electrographic or neu-
ropsychological variables.
Educational problems and
neuropsychological impairment
Educational problems were identified in 27 children
(54%). Full IQ test was normal in twenty of them and
was borderline in the remaining three children (four
children did not undergo the detailed tests). Detailed
neuropsychological and language tests hadconfirmed
the presence of minor neuropsychological impair-
ment suggestive of developmental learning disability
in 19 of them. Expressive language impairment and
attention disorder were noticed in nine children
each. There was a statistically significant association
between educational problems and neuropsycholo-
gical impairment including learning disability
(p = 0.003). There was a significant correlation
between occurrence of educational problems and
the absence of the fronto-central dipole for the
spikes in the EEG (p < 0.001) (see Table 2). Abnormal
language functions had a statistically significant cor-
relation with atypical seizure semiology (p = 0.021).Discussion
It is often difficult to estimate the magnitude of
educational problems in childhood epilepsy for wantof precise definitions and criteria.20 Several terms
such as neuropsychological impairment, cognitive
impairment, learning problems, and educational
problems have been used in different studies with
overlapping meanings.
The classical definition of BECTS requires that
there be no neurological or neuropsychological def-
icits. Prediction of the outcome in individual cases
becomes difficult because of the presence of atypi-
cal features and minor neuropsychological impair-
ments.7,9,10 Some of the recent prospective studies
have identified atypical evolutions, clinical fluctua-
tions and significant neuropsychological disabilities
in BECTS.5,21—23 The clinical relevance of these
impairments had remained uncertain. Furthermore,
these cognitive impairments were seldom corre-
lated with any specific EEG or clinical characteris-
tics. There are no population-based studies that
estimate the burden of educational problems in this
seemingly benign epileptic syndrome.
The salient observation in this study was that
more than half (54%) of the children with BECTS
had educational problems. Most of them had under-
lying minor neuropsychological and language
impairments accounting for the educational pro-
blems. It is possible that this cohort of children
drawn from a tertiary center, constitute a subgroup
of BECTS with more associated features, although
the demographic, clinical and electrographic char-
acteristics of this cohort were comparable to those
described earlier.4,24,25
The subgroup of children with educational pro-
blems and neuropsychological impairment had a
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compared to others. A statistically significant pro-
portion of them had atypical seizure semiology and
had spike discharges without tangential dipole in
their inter-ictal EEG. Earlier studies had shown that
BECTS with tangential dipole for the inter-ictal
epileptiform discharges (IEDs) carries a better prog-
nosis13 with fewer seizures.26 Several inter-ictal EEG
patterns associated with atypical evolutions in
BECTS have been described recently.27 There are
conflicting reports regarding laterality of spikes to
dominant or non-dominant hemisphere and occur-
rence of specific neuropsychological impairments.
Left sided discharges were earlier shown to be
associated with impairment in verbal tasks and
right-sided discharges were associated with non-
verbal tasks.28 In this study, as well as an earlier
study,22 such an association was not confirmed. We
did not observe any significant association between
the educational problems and the laterality of the
IED, presence of extra-rolandic focus or generalized
discharges.
Educational problems in childhood epilepsy can
be divided into state dependent or permanent pro-
blems,29 and the two may co-exist also. Permanent
educational problems are more likely to occur in
Lennox—Gastaut Syndrome and other catastrophic
pediatric epileptic syndromes associated with brain
damage.30 State dependent educational problems
are observed in benign epileptic syndromes and are
potentially reversible. Cognitive adverse effects of
seizures or antiepileptic drugs may contribute to
this.31 Other factors that are associated with edu-
cational problems include mood disorders, poor
self-perception and reduced learning opportu-
nities.20
There are several speculations about the patho-
genesis of neuropsychological impairment in BECTS.
Active IED can interfere with the learning process
and thereby lead to scholastic problems.32 A recent
prospective study has shown that neuropsychologi-
cal functions improved when IEDs were controlled in
children with BECTS.33 Neuropsychological impair-
ments may possibly contribute to the state depen-
dant educational problems in children. Further
studies are necessary in this regard.
Similarities between the syndromes of BECTS,
Landau—Kleffner Syndrome and epilepsy with Con-
tinuous Spike and Wave activities during slow wave
sleep (CSWS) were also highlighted previously.34
Some authors consider them to be part of a broad
continuum of brain maturation disorders with a
marked phenotypic variability, while others con-
sider them to be fundamentally distinct entities.
Genetic studies may possibly help to differentiate
them in future.It appears that BECTS represents a well-defined
pediatric epileptic syndrome with an excellent sei-
zure outcome. A subgroup of children with atypical
seizure semiology and centrotemporal spikes with-
out tangential dipole are likely to have develop-
mental learning disability, minor neuropsychological
impairment and accompanying educational pro-
blems. These children may need special evaluation
and management by a multidisciplinary team.Acknowledgements
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